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(c) 



The compounds 
of the present invention 
are of the formula (I): 
A-X-(CH 2 )n-Y-(CH3) m -Z 
wherein: A is an non- 
steroidal anti-inflammatory 
agent (NSAIA); A-X is 
an ester or amide linkage 
derived from the carboxy lie 
acid moiety of the NSAIA, 
wherein X is O or NR; R 
is H. Ci-Ce alkyl or C3-C6 
cycloalkyl; Y, if present, is 
O, NR. C(Rh. CH(OH) or 
S(OV; n is 2 to 4 and m is 
1 to 4 when Y is O, NR, or 
S(OV; n is 0 to 4 and m 
is 0 to 4 when Y is C(Rh 
or is not present; n is 1 to 
4 and m is 0 to 4 when Y 
is CH(OH); n' is 0 to 2; 
and Z is (a), (b), (c), (d) 
or (e) wherein: R* and R 3 
are H, C(0)R, C(0)N(Rh, 

PO3-, or SO3- R" is H or C1-C6 alkyl; and R* and R 3 together may form a ring having structure: (1) or (2); and provided that when Z 
is (e). X is not O. The compounds of the present invention also include pharmaceutical^ acceptable salts of the compounds of formula 
(I). Methods for treating inflammatory pathologies are disclosed. Particularly, the methods utilize pharmaceutical compositions containing 
certain compounds having an inti-inflammatory and anu-oxidant moiety covalently linked by an amide or ester bond. The compounds are 
useful in preventing and treating inflammatory disorders through several mechanisms. 
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ESTERS AND AMIDES OF NON-STEROIDAL ANTI-INFLAMMATORY 
CARBOXYLIC ACIDS WHICH MAY BE USED AS ANTI-OXIDANTS 
5-LIPOXYGENASE INHIBITORS AND NON-STEROIDAL 
ANTI-INFLAMMATORY PRODUCTS 



The present application is a continuation-in-part of United States Patent 
Application Serial No. 08/362,718, filed December 23, 1994 and United States Patent 
Application Serial No. 08/472,445, filed on June 7, 1995. 

Background of the Invention, 



The present invention is directed to the provision of compounds having potent anti- 
.5 inflammatory and anti-oxidant activity. The invention is further directed to compositions 
containing the compounds of the present invention for use in pharmaceutical applications. 
The present invention is also directed to various methods of using the compounds and 
compositions of the present invention in pharmaceutical applications including: 1) the 
treatment of inflammatory, disorders including ocular inflammation associated with 
*> ophthalmic disease and ophthalmic surgery; 2) the prevention of corneal haze following 
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ocular surgery; 3) Issue preservation inducing come, preservation during tnmsplantauon 
procedures; and 4) as an adjunct to heart disease therapy. 

Wtanmauon from cehular stfess can cause excessive .issue damage. Numerous 
biochemical pathways are known to .ead to inflammation, .n genera., the cyciooxygenase 
, ^ produces prosmglandins. while the lipoxygenase system produces leuKOtrienes. 
•HETEs" and "HPETEs". Such agents have been associated with mflammarion. See 
B<!nerally , nm mm --- Silrn^ Thn EtormaatoM Ba s is omenta . pages 600- 

61 7, Pergman Press, NY (1990). Therapies designed to inhibit the production of these 
types of agents are therefore of great interest. 

Non-steroidal anu-irdlammatory agents (NSAIA) have been used for the tre.un.nt 
of inflatory disorders. Tbe following references m.y be referted to for further 
background concerning this use of NSAlAs: 

rvpfrh pimnscope . volume 8, page 257 (1910); 
Eajyre, volume 231, page 232 (1971); 
FA ft F R Tnumal . volume 1, page 89 (1987); and 

S, Vol.1 



Anti-inflammatory and Anti-rheumatic drugs. Boca Raton, FL, CRC Press, 
(1985). 

However, mere are some problems — ed with NSAIA trcmen, inc.uding deliver to 
. the .ppropriat. site of acdon and side effects < HH— ■< Qihn^ The 
B InhrnlP 638 " 669 ' Ta0am *~ NY ° * 
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Free radical molecules also play a major role in inflammation. These unstable 
chemical moieties lead to the oxidation of tissue resulting in damage. Such oxidative 
stress and damage has been described in Binchem^l Ehannacoifigy, 32(14), 2283-2286 
(1983) Free Radicals in Biolopy and Mcdirinf 4, 225-261 (1988). Agents that act as 
. anti-oxidants can protect against oxidative damage. Such protection has been the subject 
of numerous scientific publications, including the following: 

Archives of Pharmaco l ogy volume 325, pages 129-146 (1992); 

Journal of Photochemistry and Phntnhini nFy ^i..^. 8> pir . c . 211 2Z 1 ( , 991) . 

Free Radicnh in Biology and Medicine , volume 1 1, pages 215-232 (1991); 
10 and 

European Journal of Pharm«™io p y volume 2 1 0, pages 85-90 (1 992). 

The combination of antioxidant activity with other pharmacologically significant 
activities in a single molecule is discussed in JP 010484 A2 and EP 387771 A2; and 
compounds with cyclooxygenase/5-Lipoxygenase and anti-oxidant activity are discussed 
» in Drug Research , 39(11) Number 10, pages 1242-1250 (1989). However, these references 
do not disclose the compounds of the present invention. 

Ocular inflammation is a condition which generally affects the patient with 
scratchiness, itchiness and/or red eye. Ocular inflammation can be initiated by various 
insults. For example, ocular inflammation can result from allergic response to various 
» allergens, trauma to the eye, dry eye and surgical complications. Various anti- 
inflammatory therapies are currently in use for the treatment of ocular inflammation 
including the topical administration of diclofenac. 
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Ocular surge* en result in various post-surgical complications to the eye. Such 
complications general., include: .) loss of vascular blood barrier function; 2) tissue edema 
including conjunctiva swelling, conjuctiva conjestion and corneal haze; 3) cataract 
formation; and 4) .oss of membrane integrity including decrease in docosahexanenoic acid 

s levels in membrane phospholipids. 

As stated above, vitreemmy surgery can induce a variety of post-surgical 
complications. Many of these complications are further potentiated in diabetic patients 
who are a, risk for many ocular pathologies. Posterior segment surgery due to tire severity 
of m. surgical procedure can cause extensive tissue damage a, bom the acute and chronic 
. phases of tire recovery process. The acute phase of me pos.surg.ca. period is characterized 
by bod, ocular neovascularization and tissue edema. This is caused by breakdown of the 
Wood aqueous and blood retinal barrier functions resulting in susUined vascular 
permeabilny following the surgico. trauma. The presence of elevated inflammarory and 
sorum factors induce cel. proliferation during the norma, wound healing process. S.HUmp 
. chnica. examinations a. 24 hours have indicated extensive anterior chamber flare and 

Mux, conjunctiva congestion and sweUing (with discharge), iritis, and corneal haze. See 
for example, Krelger, A.E., Wouni Colons In Pars Plan. Vitrectomy, Ellina, 
volume IJ.NO. 4, pages 335-344 (1993); Cherfan, G.M., e, a... Nuclear Sclerotic Cataract 
After Vurectony for Uiopatnic Epiretinal Men.trt.nes Cousin, Macular PuCte, 

. n - ^Onhmaln ^. vo.ume pages 434-43g (.991); Thompson, 

,.T„ e. a... Profession of Nuclear Sclerosis ana U,n g -tern. Visual ResuLs of VireComy 
Witn Transforms Growth Factor Beta-2 for Macular Holes, WrMl Toiimal Of 
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Ophthalmology, volume 1 19, pages 48-54 (1995) and Dobbs, R.E., et al., Evaluation Of 
Lens Changes In Idiopathic Epiretinal Membrane, volume 5, Nos. 1 & 2, pages 143-148 
(1988). 

The chronic phase of the postsurgical period is characterized by more severe 
s complications that can necessitate additional surgery. These include an incidence of 
recurrent retinal detachment, epiretinal proliferation, neovascular glaucoma, corneal 
problems, vitreous hemorrhage, rate of cystoid macular edema, and occurrence of cataract 
formation within six months of surgery. 

The frequency of these complications can be lessened by facilitating the recovery 
io of vascular leakage and limiting the duration of the cellular proliferative response by 
introduction of therapeutic compounds into the irrigating solution during the time of 
surgery. 

Organ or tissue tranplantation requires the preservation of the tissue from the time 
of excission from the donor to the time of transplantation into the recipient. During this 

15 time the tissue can become inflammed and even die. Methods of preserving the tissue 
have included the use of various temperature conditions, the use of chondroitin sulfate and 
the use of anti-inflammatory agents (Lindstrom, R.L., et al., Corneal Preservation at 4 a C 
with Chondroitin Sulfate-Containing Medium, The Cornea: Transactions of the W 9r lH 
Congress on the Cornea HI, edited by H. Dwight Cavanagh, Raven Press, Ltd., New York, 

20 Chapter 14, pages 81-89 (1988); and Guo, A., et al., Effects of anti-inflammatory and 
immunosuppressive drugs on the heterolamellar corneal transplantation in rabbits, 
Current Fve Research T volumne 9, No. 8, pages 749-757 (1990)). 

-5- 
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Oxidation of various biomolecules in the vasculature has been implicated in 
numerous cardiovascular pathologies including atherosclerosis, thrombosis, myocardial 
infarction and congestive heart failure. In particular, several reports demonstrate a 
correlation between the oxidation of low-density lipoproteins (LDL) and the progression 
. of atherosclerotic lesions Qfe*. England Mimnl of Medicine, volume 328(20), pages 
1444-1449 (1993)). These oxidized LDLs have been further characterized in several 
pathological events including: 1) chemotaxis, which draws monocytes to the afflicted 
tissue; 2) differentiation of monocytes into macrophages; 3) uptake of LDL by 
macrophages to form foam cells; 4) proliferation of smooth muscle cells; 5) development 
I0 of atherosclerotic lesions; and 6) cytotoxic effects on endothelial cells as well as increases 
in arterial vasoconstriction (JAMA, volume 264(3), pages 3047-3052 (1990)). 

The use of antioxidants to ameliorate coronary heart disease has been explored. 
Epidemiological studies have correlated the dietary intake of Vitamin E with reduced risk 
to coronary heart disease (Nnv mrlnnri touma) of Medicine, volume 328(20), pages 

„ 1444-1449 (1993); and Tlr T Twlnni Tn ' aCMdidllB. volume 328(20), pages 1450- 

156 (1993)). p-carotene, a naturally occuring anti-oxidant, has been pursued in the clinic 
for cardiovascular disease indications (Scrip No., 1574:31 (1990)). Additionally, research 
has shown that treatment of hypercholesterolemic animals with antioxidant drugs, 
including the phenolic antioxidant compound, probucol, has reduced the development of 
. atherosclerosis ( IWmftin ^ N l tioml frgrigny Of Science , U.S.A., volume 84, 
pages 7725-7729 (1989)). 
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Oxygen radicals have also been implicated in the pathogenesis of a number of 
other inflammatory conditions. Such conditions have included stroke, rheumatoid 
arthritis, retinopathy and endotoxic liver injury. It is believed that antioxidants would be 
useful in treating such conditions ( Methods in RnT^mnlogv volume 186, pages 1-85 
(1990)). 

Anti-inflammatory therapy has been suggested as an adjuvant to the treatment of 
various cardiovascular indications. These agents assist in preventing thrombotic and 
atherosclerotic occlusions and restenosis of the vasculature by inhibiting platelet and 
leukocyte aggregation. 

As such, aspirin has been prescribed broadly^or anti-inflammatory and analgetic 
indications, as well as for patients with unstable angina. Ibuprofen and naproxen have 
been prescribed for treatment of rheumatoid arthritis and moderate pain. However, there 
are some problems associated with NSAIA treatment including delivery to the appropriate 
site of action and side effects (Goodman and Oilman's The Pharmacological n f 
Therapeutics, pages 638-669, Pergman Press, NY (1990)). 

The present invention is directed to the provision of new compounds that have both 
potent anti-inflammatory activity and potent anti-oxidant activity in a single molecule. 
The use of a single chemical entity with potent anti-inflammatory and potent anti-oxidant 
activity provides increased protection relative to the use of a compound with singular 
activity. The use of a single agent having both activities over a combination of two 
different agents provides uniform delivery of an active molecule, thereby simplifying 
issues of drug metabolism, toxicity and delivery. 
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fi 1 1 TT imflTV 1nY ention 

The present invention provides metirods of using novel compounds having potent 
.nti-mflammatory and antioxidant activity for tire treamrcn, inflammatory conditions such 
as tissue edema, vascuiar permeabi.ity, ophthalmic itchiness scratchiness or irritation, and 
vascular diseases. The dua. therapeutic efficacies may ac, in an additive or synergic 
.nanne. to reduce cellular damage. Additionally, the compounds of the present invention 
also exhibit other anti-inflammatory activity no, present in th. individual agenu. 

The compounds of the present invention are useful as cytoprotective agents due to 
.heir antioxidant activity. These compounds include ho* a non-steroidal an,, 
taflammatory agent (NSAJA) moiety and an anti-oxidam moiery. In order to prov.de 
effective therapy for inflamma.ory disorders, tine present invention takes advance of 
ftese individual efficacies. In addition, the present invention improves upon these 
individual efficacies by providing greaKr drag delivery .o the Urge, .issues by means of 
administering a single drug having multiple therapeutic actions. The present invention 
also provides compounds that associate with lipid membranes, thus providing bioavadabl. 
antioxidant protection wuhin lipid molecules susceptible to oxidation. Finally, the 
compounds of the present invention exhibit therapeutic properties which are no, presen, ,n 
Ae individua. moieties of me compounds. These and other advances of me presen, 
invention will be apparen. ,0 those skilled in the art based on the following description. 

The NSA1A component of me compounds provides anti-inflammatory activity 
" when i, is freed from the parent compound. The use of these NSAlAs will provide 
inhibition of cyc.ooxygen.se, an important enzyme involved in the 
p.ortaglandirvlnflammauon partway. The compounds also include an antioxidant 
componen,. As oxidative sness has been implicated in inflammatory responses, me 
„ presence of an antioxidant will further help treat <he targe, tissue. 

' The compounds of <he present invention also exhibit intrinsic properties presen, 
only in me combined molecule, no, in the individua. components. One such property ,s 
ft. inhibitory efficacy against 5-.ipoxygenase, an enzyme known ,o be involved m 
inflammation. 
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Another advantage of the present invention is that the anti-inflammatory moiety 
and the anti-oxidant moiety are linked through an amide or ester bond. Since the 
carboxylic acid moiety of the NSAIA has been converted to an amide or ester, the resultant 
molecule is neutrally charged, thus increasing lipophilicity, and drug delivery. These 

5 compounds also associate with lipid membranes, thus providing resident antioxidant 
protection of these oxidizable biomolecules. Furthermore, amide or ester pro-drugs, may 
provide site-directed anti-inflammatory activity since amidases and esterases, components 
of the inflammatory response, will catalyze the hydrolysis of the amide or ester and release 
the non-steroidal anti-inflammatory agent and anti-oxidant. 

10 The compounds of the present invention are capable of protecting against cellular 

damage by a wide range of insults. Since the compounds provide this protection by 
decreasing free radical or oxidative damage, reducing enzyme mediated inflammation, and 
improving site delivery, this therapy represents an improved two-pronged approach to the 
treatment of inflammatory pathologies. 

15 Detailed Description of Invention 

The compounds of the present invention are of the formula (I): 

A-X-(CH 2 ) n -Y-(CH 2 ) m -Z (I) 



wherein: 



25 



20 



A is an non-steroidal anti-inflammatory agent (NSAIA); 

A-X is an ester or amide linkage derived from the carboxylic acid moiety of the 

NSAIA, wherein X is O or NR; 

R is H, C,-C 6 alkyl or C 3 -C 6 cycloalkyl; 

Y, if present, is O, NR, C(R) 2 , CH(OH) or S(0) n . ; 

n is 2 to 4 and m is 1 to 4 when Y is O, NR, or S(0) n . ; 

n is 0 to 4 and m is 0 to 4 when Y is C(R) 2 or is not present; 
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n is 1 to 4 and m is 0 to 4 when Y is CH(OH); 
n' is 0 to 2; and 



Zis: 



R'O 




R'O 



R'O 




R'O 





R'O 



XX 



or 



R'O 



wherein: 



R 1 and R 3 are H, C(0)R, C(0)N(R) 2 , P0 3 ' , or S0 3 ' ; 
R" is H or C,-C 6 alkyl; and 

R 1 and R 3 together may form a ring having the following structure: 



or 



<cr. 



and provided that when Z is e, X is not O. 

The compounds of the present invention also include pharmaceutical^ acceptable salts of 

the compounds of formula (I). 

The compounds of the present invention contain a non-steroidal anti-inflammatory 
agent, "A", having a carboxylic moiety. A number of chemical classes of non-steroidal 
anti-inflammatory agents have been identified. The following text, the entire contents of 



- 10- 



BNSDOCID: <WO 9620187A2_L> 



WO 96/201*? 



PCTAJS95/16779 



which are hereby incorporated by reference in the present specification, may be referred to 
for various NSAIA chemical classes: CRC Handb ook of EifiQSanoids; Prostaglandin* 
and Related Lipids. Volume II. Drugs Acting Via the Eteosanoids , pages 59-133, CRC 
Press, Boca Raton, FL (1989). The NSAIA may be selected, therefore, from a variety of 
chemical classes including, but not limited to, fenamic acids, such as flufenamic acid, 
niflumic acid and mefenamic acid; indoles, such as indomethacin, sulindac and tolmetin; 
phenylalkanoic acids, such as suprofen, ketorolac, flurbiprofen and ibuprofen; and 
phenylacetic acids, such as diclofenac. Further examples of NSAIAs are listed below: 





tolfenamic acid 


indoprofen 


pirprofen 


clidanac 


fenoprofen 


naproxen 


fenclorac 


meclofenamate 


benoxaprofen 


carprofen 


isofezolac 


aceloferac 


fenbufen 


etodolic acid 


fleclozic acid 


amfenac 


efenamic acid 


bromfenac 


ketoprofen 


fenclofenac 


alcofenac 


orpanoxin 


zomopirac 


diflunisal 


pranoprofen 


zaltoprofen 



The preferred compounds are those wherein "A" is selected from the ester or amide 
derivatives of naproxen, flurbiprofen or diclofenac. The most preferred compounds are 
those wherein "A" is selected from the ester or amide derivatives of naproxen or 
flurbiprofen. 

With respect to the other substituents of the compounds of formula (I), the 
preferred compounds are those wherein: 

XisOorNR; 

R is H or C r C 3 alkyl; 

Y is CH(OH), and m is 0 to 2 and n is 1 or 2, or Y is not present, and m is 1 or 2 
and n is 0 to 4; 
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Z is a, b, d or s; 

K and R 3 are H or C(0)CH 3 ; and 
R" is CH 3 . 

The most preferred compounds are those wherein: 

XisOorNR; 
Ris H; 

Y is CH(OH) or is not present; 
m is 0 or 1 ; 
nis 1; 

Z is a, b> d or £, 

R* and R 3 are H; and 

R" is CH 3 . 

The following compounds are particularly preferred: 



OH 



HO 




OMe 



HO' — 

N-(2-(3,4-dihydroxyphenyl>2-hydroxyethyl)-N-methyl2-(6-methoxy-2- 
naphthyl)propionamide ("Compound A"); 



HO 




OMe 



2-(6-hydroxy-2,5/7,8-tetrame^ 
methoxy-2-naphthyl)propionate ("Compound B"); 



- 12- 



BNSDOCID: <WO 96201B7A2_I_> 



WO 96/20187 



PCIYUS95/16779 




OMe 



N-(2K6-hydroxy-2,5J>tetramemyl-3,4-dihydro-2H-^ 2- 
(6-methoxy-2-naphthy])propionamide ("Compound C"); 




2K6-hydroxy-2,57,8-tetramethyl-3,4-dihydro.2H-benzo[l,2-b]pyran-2-yl)ethyl 2-i 
methoxy-2-naphthyl)propionate ("Compound D"); 



HO 




OMe 



2-(5-hydroxy-2,4,6J-tetramethyl-23-dihydro-ben2o[l,2-b]furan-2-yl)methyl 2-(6- 
methoxy-2-naphthyl)propionate ("Compound E"); 



HO 




OMe 



2-(5-hydroxy-2,4,6J-tetrame^ 2-(6-methoxy- 
2-naphthy])propionate ("Compound F"); and 
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2<6-hyd,„xy-2,5,7>tetrame*y<^^^ 
nuoro^-phenyl-phenyl)propionate ("Compound G )■ 

The compounds of ft. present invention may be prepared by the methods 
illustrated in Scheme 1 below: 

Scheme 1 



A-OH + H-X-(CH 2 ) n -Y-(CH 2 ) m -Z 



11 

A-OH 
II 



III 

— » A-Cl + H-X-(CH 2 ) n -Y-(CH 2 ) m -Z 
IV ™ 



A-X-(CH 2 ) n -Y-(CH 2 ) m -Z 
I 



A-X-(CH 2 ) n -Y-(CH 2 ) m -Z 
I 



A-OH — > A 



11 



,Q-M + + L-(CH 2 ) n -Y-(CH 2 ) m -Z->A-0-(CH 2 ) n -Y-(CH 2 ) fn -Z 



L=C1, BR, I, OMs, OTs 
VI 



A-OH 
II 



A-OTvI + + Br-CH 2 -C(0)OEt 
V 



A-0-CH 2 -C(0)OEt + 
VII 



15 



H-NR-(CH 2 ) n -Y-(CH 2 )„,-Z 
VIII 



— » A-NR-(CH 2 ) n -Y-(CH 2 ) m -Z 

I 
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The conversion of the carboxylic acid containing nonsteroidal anti-inflammatory 
agents (II) to esters or amides (I) may be carried out by the following methods: 

(i) As illustrated in equation 1 above, carboxylic acids (II) may be reacted with 
the appropriate amine or alcohol derivative (III) in the presence of a coupling reagent, such 

5 as dicyclohexylcarbodiimide or l-(3-dimethylaminopropyl)-3-ethyl carbodiimide HO, and 
4-dimethylamine pyridine or 1-hydroxybenzotriazole, in an inert organic solvent, such as 
acetonitrile or tetrahydrofuran, and at a temperature from 0°C to 50°C. 

(ii) As illustrated in equation 2 above, carboxylic acids (II) may be converted to 
acid chlorides (IV) by reacting them with a reagent such as thionyl chloride or oxalyl 

jo chloride, in the presence of an inert solid or neat, at a temperature from 0°C to 80°C. The 
resulting acid chloride (IV) may be reacted with the desired amine or alcohol (III) in an 
inert solvent such as tetrahydrofuran, in the presence of pyridine or a tertiary amine, such 
as triethylamine. 

(iii) As illustrated in equation 3 above, esters (I) may be formed by reacting 
is carboxylate anions (V), formed by reacting the carboxylic acid (II) with a base such as 

sodium hydride, with a halide (iodide, bromide, chloride) or sulfonate (mesylate, tosylate) 
(VI), in a solvent such as acetonitrile or dimethylformamide, at a temperature from 0°C to 
100°C. 

(iv) As illustrated in equation 4 above, amides (I) may be prepared by reacting 
jo carboxylate anions (V), formed by reacting carboxylic acid (II) with a base such as sodium 

hydride, with ethyl bromoacetate. The resulting ester (VII) is reacted with the desired 
amine (VIII), neat or in an inert solvent, such as acetonitrile or dimethylformamide, at a 
temperature from 0°C to 100°C. 

The intermediate compounds (X) of Scheme 2 below, which can be used as 
23 compounds (III) and (VIII), were prepared using the general methods described in Journal 
of Organic Chemistry, volume 54, pages 3282-3292, (1989). The nitriie (IX) can be 
reduced using a reagent such as lithium aluminum hydride to afford the amine (X), which 
may be isolated as the hydrochloride salt. 
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The use of certain protecting groups and deprotection steps may be necessary, as 
will be appreciated by those skilled in the art. 



Scheme 2 



R'O 





Compounds of formula (I) may exist as mixtures of stereoisomers. The preparation 
of the individual stereoisomers may be effected by preparing and resolving the acids (II), 
by known methods, and then using a single stereoisomer as starting material. Compounds 
Gil), (VI) and (VIII) may be prepared as single stereoisomers from compounds of formula 
(XI*,,), shown in Table 1 below, using known methods: 



Table 1 




XI. 



XI b 



Xl c 



XI, 



wherein: 



W is (CH 2 ) p -Q; 
pis 0-1; 

Q is CH 2 OH or C0 2 H; 

R' is H, C(Q)R, C(0)NR 2 , P0 3 " , or SQ 3 ' ; and 
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R" is H or C,-C 6 alkyl. 

The alcohols (XI,^,) may be resolved by forming esters with optically active carboxylic 
acids, separating the diastereomers, and then hydrolyzing the resolved diastereomers. The 
corresponding carboxylic acids (XI.^) may be resolved by forming an ester with an 

5 optically active alcohol, separating the diastereomers, and then hydrolyzing the resolved 
diastereomers. Or, the carboxylic acids (Xl^) may be resolved by forming an amine salt 
with an optically active amine. Separation by recrystallization and neutralization of the 
resolved carboxylic acid salt may be utilized to provide the resolved carboxylic acid. 
Resolution of the esters and amides (I) may also be effected using chromatographic 

10 techniques known to those skilled in the art. 

The amines of formula (I), where Y is NR, may be converted to amine salts by 
reacting the amine with acids of sufficient strength to produce an organic or inorganic salt. 

The pharmaceutically acceptable anions include: acetate, bromide, chloride, citrate, 
maleate, fumarate, mesylate, phosphate, sulfate and tartrate. 

» Methods of synthesizing the compounds formula (I) are further illustrated by the 

following examples: 

Example 1 

Synthesis Of N-r2f3.4-dihvdroxvr>henvlV?-hvdrnvvrth y n-N-methvl 2-f6.mgfWv.?_ 
naphthvnprnpjr> n a m jri ft 

» Epinephrine (Aldrich, 3.18 grams [g], 17.3 millimoles [mmol]), 1 -hydroxylbenzotriazole 
hydrate (Aldrich, 1.76 g, 12.9 mmol) and l-(3-dimethylaminopropyl)-3-ethyl carbodiimide 
HC1 (Aldrich, 2.49 g, 12.9 mmol) were added to acetonitrile (200 milliliters [ml]). After 
stirring for 10 minutes, a solution of 6-methoxy-a-methyl-2-naphthaleneacetic acid 
(Aldrich, 2.0 g, 8.66 mmol), in 50 ml of acetonitrile, was added dropwise. After stirring 

m for 1 6 hours, the reaction mixture was concentrated in vacuo (under reduced pressure), and 
the residue was partitioned between water (100 ml) and methylene chloride (100 ml). The 
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.ayers we. separated and «he aqueous .ayer was extracted with methyl chloride (2 x 50 
ml ) and ethyl acetate (50 ml). The combined organic extracts were treated with methanol 
ami, a clear so.ution was formed. This solution was dried (magnesium sulfa,.) and 
concentrated in^- Flash chromatography of the residue (silica gel, 95:5, 
. volume:volume tv:v], memylen. ch.oride:methano.), and concentration of the appropnate 
factions resulted in the formation of a solid. The solid was recrystallized from a rmxrunr 
of etiry. acerare and hexane to give N-PP^-dihydroxyphenyD-Z-hydroxyemy^N-memy!- 
2 . ( 6-meu,oxy-2-naph«hy.)propionamide, a mixture of diastereomers, as a white sohd (0.95 
g, 27% yield). 

„ «H NMR (CDC1 3 ) d 1.25-1.49 (m, 3H), 2.88 (d, 3H), 3.75-4.20 (m, 2H), 3.90 (s, 3H),4.80 
(m, 1H), 6.5-7.8 (m, 12H). 

Elemental Analysis: Calculated for C^NO, • 0.5 H 2 0 
Calculated for: C, 68.30; H, 6.48; N, 3.46. 
Found: C, 68.35; H, 6.49; H, 3.43. 
Melting point: 115-117°C. 

Example. 2 

^ . nf 2 ajgd 2 5 7 8 ti tafc3 ->■ Jitoto ^H-hrnTQll ?-hlPY ran -2- 

Tnm fll ,vi7.(i;. m r tlitT"- , -" a " h "" ll '"' m '''" n a ' c 

A solution of 6-hydroxy-2,5,7,..«e«^y^ < 2 °° 
, g, 8.46 mmol),6.m.moxy-a.mem,l naphmaleneaeetic acid (2..4 g, 9.3, - . 
dimemyltuninopyridm. (Aidrich, ..24 g, .0.00 mmo.) and ,.0-dimethylamino propyl)-3- 
.W-carbodiimide hydroehJoride (1.71 g, M9 mmo!). in tetrahydrofuran (40 mL), was 
stirmd a. ambient Kmperature under nitrogen for 72 hours. The reaction mitcrure was titer, 
dihned with ethyl ac«a«. (200 mL), washed with 0.5 N hydrochloride (2x 250 mL), 
„ followed by waer (2x 250 mL), and men dried (sodium sulfate) and concentrated u, 
^ Flash chromarography of tire residue (silica gel, .00-50:0-50, v:v, hexanes:ethy> 
ace*,e), and concentration of the appropriate fractions provided an oil. CrysuUt^on 

i ii 1% vield', of an impure white solid. The solid 
from ethyl acetate-hexanes gave 2.21 g (58.3 /o yieia; 01 <ui y 
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was then chromatographed, and the appropriate fractions were collected and concentrated. 
The solid that formed was recrystallized from a mixture of ethyl acetate and hexanes to 
give 0.80 g (21.1% yield) of a white solid. 

'H-NMR (CDCI3) d: 1.15 (s, 3H), 1.57-1.61 (d, 3H), 1.62-1.88 (m, 2H), 1.98-2.11 (m, 
5 9H), 2.40-2.59 (m, 2H), 3.82-3.92 (m, 1H), 3.91 (s, 3H), 4.01-4.22 (m, 3H), 7.09-7.16 (m, 
2H), 7.34-7.41 (m, 1H), 7.55-7.68 (m, 2H). 

Elemental Analysis: Calculated for C28H32O5. 
Calculated: C, 74.98; H, 7.19. 
Found: C, 75.15, H, 7.08. 
10 Melting point: 103-105°C. 

Example 3 

Synthesis of N-rf6-hvdroxv-2.5.7.8-tetramethvl>3.4-dihvd ro>2H-KhenTO[l ,2-h]pvr a n-9- 
vnmethvll 2-f 6-methoxv-2-naphthvnpro pionamide 

The intermediate, (6-hydroxy-2,5,7,8-tetramethyl-3,4-dihydro-2H-l -benzo[ 1 ,2-b]pyran-2- 
yl)methylamine, was first synthesized: 

A 1 molar (M) ethereal solution of lithium aluminum hydride (Aldrich, 32.4 mL, 32.43 
mmol) was added slowly over a 5 minute period to a chilled, (4-6°C) stirring solution of 
(2-cyano-6-hydroxy-2,5 ,7,8-tetramethyl-3,4-dihydro-2H-l -benzo[l ,2-b]pyran in 
tetrahydrofuran (50 mL). After 2 hours, the reaction mixture was quenched by the slow 
sequential addition of 10% aqueous tetrahydrofuran (30 mL), 15% sodium hydroxide (10 
mL) and then water (20 mL), while stirring. The resulting suspension was filtered through 
celite, and the celite pad was washed with ethyl ether (400 mL). The organic layer was 
separated, dried (Na 2 S0 4 ), and concentrated in vacuo , resulting in a residue. AIM 
ethereal solution of hydrochloride was then added to a solution of the residue in ethyl ether 
(100 mL), a solid formed, and the solid was then collected by filtration and washed with 
ethyl ether to give 2.3 1 g (65.4% yield) of a white solid. The product was used crude in the 
next reaction. 
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1H-NMR (DMSO-d/TMS): 1.15 (s, 3H), 1.75 (t, 2H), 1.99 (s, 6H), 2.01 (s, 3H), 2.54 (t, 
2H),2.98(s,2H). 

MS (CI): 236 (m+1). 

The hydrochloride sal, of (6-h y droxy-2,5,7,8.«o tt ar„e*yl.3,4.dih y dro-2H-l-bon Z o[U- 
, olpv ™.2.y.)mcmy>amme (0.30 g, 1.10 mmole) and e-meutoxy-a-methy. 
naphtha.eneac.uc acid (Aldrich, 0.28 g, 1.21 romole) were stirred in «he presence of 
dimerhylanrinopyridine (Aldrich, 0.26 g, 2.20 mmole) and M3-d„n.*y 1 ammo P ropyl)-3- 
emylcarbodiimide hydrochloride (Janssen Chirnica-Speetrum, 0.21 g, 1.10 mmole), m 
, ett ahydrofuran (4.0 mL) under an atmosphere of nitrogen. After stirring 17 honrs a, 
„ anient temperature, the reaction mixture was diluted with ethyl acetate (70 mL), washed 
with water (2x 1 5 mL), followed by brine (1 5 mL) and then dried (sodium sulfate). The 
„as concentrated m^xm and me residue subjected to flash chromatography 
(silica gel, 100-50:0-50, v.v, hexaneatethyl ace*te). The appropriate ftacuons were 
concentrate* in^B, and me resulung crystalline foam suspension was men washed tn 
„ hexanes to give 0.28 g (58.3% yie!d) of N-[(5-hydmxy-2,5,7,8-,e,ramemyl.3^^ 
2H-l-benzopyran-2-yl)memyl)-2-^^ as a wtate 

amorphous solid. 

'H-NMR (CDCI3) d 1 .03-1.08 (d,3H), 1.57-1.64 (m, 6H), 1.70 (t, 2H,), 2.04-2.05 (m, 6H,), 
2.48-2.51 (m, 2H), 3.16-3.58 (m, 2H), 3.74 (q, IH), 3.91 (s, 3H), 4.91 (br s, IH), 5.751 (t, 
2q IH), 7.01-7.19 (m, 2H), 7.29-7.40 (t, IH), 7.52-7.81 (m, 3H). 

Elemental Analysis: Calculated for C 28 H3 3 N0 4 
Calculated: C, 75.14; H, 7.43; N, 3.13. 
Found: C, 75.04; H, 7.50; N, 2.97. 
Melting point: 67-70°C. 
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Example 4 

Synthesis of 2-f 6-hvdroxv-2.5.7.8-tetramethv1-3 4-dihvdro-2H-benzof 1 ^-h]pvran-2vn 
ethvl 2-f6-methoxv-2-naphthvnpropionate 

A solution of 1,3-dicycIohexylcarbodiimide (Aldrich, 0.89 g, 4.31 mmol) in acetonitrile 
5 (25 mL), was added dropwise to a stirring slurry of (+)-6-methoxy-a-methyI-2- 
naphthaleneacetic acid (Aldrich, 0.90 g, 3.91 mmol), 2-hydroxy-2,5,7,8-tetramethyl-3,4. 
dihydro-2H-benzo[l,2-b]pyran-2yl)ethanol (0.98 g, 3.91 mmol, USP 5,266,709 column 
45) and 1-hydroxybenzotriazole hydrate (Aldrich, 0.59 g, 4.31 mmol), in acetonitrile (50 
mL). After stirring for 1 8 hours, the reaction mixture was concentrated in vacuo . The 
io residue was partitioned between water (30 mL) and methylene chloride (30 mL). The 
layers were separated, and the aqueous layer was extracted with methylene chloride (2 x 
20 mL). The combined organic extracts were washed with water (20 mL), then dried 
(magnesium sulfate) and concentrated in vacuo . Flash chromatography (silica gel, 2:8, 
v:v, ethyl acetate rhexanes) of the residue afforded a white solid upon the concentration of 
is the appropriate fractions. The white solid was recrystallized from an ethyl acetate-hexanes 
mixture to give 0.60 g (33.1% yield) of 2-(6-hydroxy-2,5,7,8-tetramethyl-3,4-dihydro-2H- 
benzo[l,2-b]pyran-2yl)ethyl 2-(6-methoxy-2-naphthyl)propionate, a mixture of 
diastereomers, as a white solid. 

! H NMR (CDC1 3 ) d 1.1 (d, 3H), 1.6-1.5 (m, 3H), 1.6 (m, 2H), 1.9 (m,2H). 2.0 (s, 6H), 2.1 
20 (s, 3H), 2.4 (t, 2H), 3.8 (q, 2H), 3.9 (s, 3H), 4.2 (s, 1H), 4.1-4.4 (m, 2H), 7.1-7.7 (m,6H). 

Elemental Analysis: Calculated for C29H34O5 
Calculated: C, 75.30; H, 7.41. 
Found: C, 75.24; H, 7.46. 
Melting Point: 99.5-101. 5°C. 
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F t ample 5 

gg ahesis Q £2=CS= fa yitoy= 2 4 * 7-tetr.mnhvM 4-dihYdro-?H-brn7on ?-Mfiiran-2-vn 
A solution of (5-hydroxy-2A6;7-tetrame^^ 

methanol (0.78 g, 3.50 mmol) and 6-methoxy-a-methyl naphthaleneacetic acid (Aldrich, 
0.89 g, 3.86 mmol) was stirred in the presence of dimethylaminopyridine (0.43 g, 3.51 
mmol) and l-(3-dimethylaminopropyl)-3.ethyl-carbodiimide hydrochloride (0.67 g, 3.51 
mmol), in tetrahydrofuran (15 mL). The reaction mixture was stirred at ambient 
temperature under nitrogen for 24 hours, diluted with water (100 mL) and then washed 
with ethyl acetate (5x 65 mL). The organic extracts were combined, and then dried 
(sodium sulfate) and concentrated in-KacUG- The residue was subjected to flash 
chromatography (silica gel, 100-50:0-50, v:v, hexanes.ethyl acetate), and the appropriate 
fractions were combined to give 0.68 g (44.7% yield) of a foam residue. Crystallization 
from methylene chloride-hexanes gave 0.24 g (15.8% yield) of a pale yellow solid. 

'H-NMR CDC1 3 ): 1.33-1.35 (d, 3H), 1.51-1.55 (d, 3H), 1.92-1.94 (s, 3H), 2.00-2.03 (d, 
3H), 2.09-2.11 (d, 3H), 2.56-2.57 (d, 1H), 2.58-2.91 (d, 1H„ 3.76-3.89 (m, 1H), 3.920 (s, 
3H), 4.04-4.22 (m, 3H), 7.09-7.17 (m, 2H), 7.26-7.34 (m, 1H), 7.58-7.79 (m, 2H). 

Elemental Analysis: Calculated for C 27 H 3 o05. 
Calculated: C, 74.63; H, 6.96. 
Found: C, 74.42; H, 6.94. 
Melting point: 1 85.5-1 87 °C. 

Example 6 

of 2 2 4 6 7-tPtr,mf»thv1-3,4-dihv(1ro-bfn7of1 . 2-b1fi i rfin-? , vngthYl 2- 

ff-mfTh^Y- ? - na P hthvnT>ror ' onate 
, A solution of 2-(5-hydroxy-2,4,6,7-tetramethyl-2,3-dihydrobenzo[l ,2-b]furan-2-yl)ethanol 
(1.30 g, 5.51 mmol) and 6-methoxy-a-methyl naphthaleneacetic acid (Aldrich, 1.39 g, 6.06 



-22- 



BNSDOCID: <WO 9620187A2J_> 



WO 96/20187 



PCT/US95/16779 



mmol) was stirred in the presence of dimethylaminopyridine (0.67 g, 5.51 mmol) and l-(3- 
dimethylaminopropyl)-3-ethyl-carbodiimide hydrochloride (1.06 g, 5.51 mmol), in 
tetrahydrofuran (25 mL). The reaction mixture was stirred at ambient temperature under 
nitrogen for 24 hours, diluted with ethyl acetate (150 mL), washed with water (2x 40 mL) 
j and then brine (30 mL). The organic extract was dried (sodium sulfate) and concentrated 
i n vacuo . The residue was subjected to flash chromatography (silica gel, 100-50:0-50, v:v, 
hexanes:ethyl acetate), and the appropriate fractions were combined to give 1.84 g (74.5% 
yield) of a foam residue. Fractional crystallization and recrystallization from methylene 
chloride-hexanes gave 0.40 g (13.0% yield) of white solid. 

.o 'H-NMR (CDC1 3 ): 1 .34 (s, 3H), 1 .54-1 .57 (d, 3), 1 .99 (t, 2H), 2.01 (s, 3H), 2.05 (s, 3H), 
2.10 (s, 3), 2.73-2.81 (d, 1), 2.90-2.97 (d, 1), 3.77-3.89 (q, 1H), 3.91 (s, 3H), 4.102 (s, 1H, 
4.165-4.29 (m, 2H), 7.10-7.16 (m, 2H), 7.35-7.40 (m, 1H), 7.64-7.70 (m, 2H). 

Elemental Analysis: Calculated for C 2g H 32 0 5 0.1 mole CH 2 C1 2 . 
Calculated: C, 73.84; H, 7.10. 

■s 

Found: C, 73.85, 73.83; H, 7.12. 
Melting point: 1 29.5-1 3 1 °C. 

Example 7 

Synthesis of 2-r6-hvdroxv-2.5.7.8-tetramethvl-3.4-Hihvdro-?H-h < .n 7 ,o n ^-hlpvran^yi yth 
20 Vl 2-(3-fluoro-4-nhenv1-phenvlYrap'™iqtfi 

The intermediate, 2-(6-benzyloxy-2,5,7,8-tetramethyl-3,4-dihydro-2H-benzo[ 1 ,2-b] 
pyran-2yl)ethyl 2-(3-fluoro-4-phenyl-phenyl)propionate, was first synthesized: 
A solution of flubiprofen (Sigma, 2.0 g, 8.2 mmol), 2-(6-benzyloxy-2,5,7,8-tetramethyl- 
3,4-dihydro-2H-benzo[l,2-b]pyran-2-yl)ethanol (2.4 g, 8.2 mmol) 1 -hydroxy benzotriazole 
25 hydrate (Aldrich, 2.4 g, 13.9 mmol) and l-(3-dimethylaminopropyl)-3-ethyl-carbodiimide 
hydrochloride (Aldrich, 2.8 g, 12.3 mmol), in acetonitrile (40 ml), was stirred at ambient 
temperature. After 72 hours, the reaction mixture was concentrated in vacuo and the 
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residue partitioned between water and methylene chloride. A solid fortned which was 
removed by filtration and discarded. The layers were separated and the aqueous layer was 
exceed with methylene chloride (2 x 25 ml). The combined organic extracts were men 
dried (magnesium sulfate) and concentrated k» The residue was chromatographed 
(silica gel, 2:8, v:v, ethyl acetate:hexane). Concentration of me appropriate fracuons 
afforded 3.0 g (64% yield, mixnue of stereoisomers) of the product as a clear 0.1. 

H NMR (CDCr) d: 1.23-177 (m, 3H), 1.53-1.57 (m, 3H), 1.75 (m, 2H), 1.95 (m, 2H), 
2.08 (s, 3H), 2.14 (s, 3H>, 271 (s, 3H), 2.55 ft 3H), 3.75 (m, 2H). 4.3 (m, 1H), 4.65 (s, 
,. 2H\ 7.1-7.7 (m,13H). 

A solution of 2K6-ben Z yloxy-2,5,7,8- K uamemyl-3,4-dihydro-2H-benzo [U-b] 
pyran-2yl)emyl 2-(3.fluoro-..phenyl-phenyl)propiona.e in erhyl acetate was treated «th 
,0% pafiadium on charcoa. (Aldrich, 0.5 g). The resulting mixture was hydrogenated on a 
Pa. Apparatus (initial pressure 60 pounds/inch* (psi),. After It hours, the reacon 
„ ,»i*ure was filtered, and the resulting solution concentrated fauna* The restdue was 
subjected to flash chromatography (silica gel, 2:8, v:v, ethyl ace«a.e:hexane). 
Concentration of the appmpriate fractions afforded a dear off. Hexane was added to the 
oil and a white solid formed upon standing. The white solid was ejected by fflfxanon to 
afford 0.91 g (36% yieid) of 2-6.ydroxy-,5,7,8-tenamcd,yl-,4-ihydro-H-en.o l f 7-b]pyran- 
„ ^d, y 12K3-fluoro^-pltenyl-phenyl)propi 0 na,easamixtu.eofstereotsomers. 

■H NMR (CDC1,) d: 1.22-1.23 (m, 3H), 1.51-1.55 (m, 3H), 1.65-1.8 (m, 2H), 1.85-2.00 
(m, 2H), 2.08 (s, 6H), 2.14 (s, 3H), 2.57 (,, 2H), 3.75 «,, 1H), 4.1-4.5 (m, 2H), 7.10-7.65 
(m, 8H). 

Elemental Analysis: Calculated for C30H33FO4. 
Calculated: C.75.60; H, 6.98. 
Found: C.75.69; H.7.01. 
Melting point: 85-87°C. 
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The compounds of formula (I) may be contained in various types of 
pharmaceutical compositions, in accordance with formulation techniques known to those 
skilled in the art. For example, the compounds may be included in tablets, capsules, 
solutions, creams, suspensions and other dosage forms adapted for oral administration; 
5 solutions and suspensions adapted for topical or parenteral use; and suppositories for rectal 
use. 

The present invention is particularly directed to the provision of compositions 
adapted for treatment of inflammatory conditions. The compositions of the present 
invention will include one or more compounds of formula (I) and a pharmaceutical^ 
10 acceptable vehicle for said compound(s). Various types of vehicles may be utilized. 
Suspensions may be preferred for compounds of formula (I) which are relatively insoluble 
in water. 

An appropriate buffer system (e.g., sodium phosphate, sodium acetate or sodium 

borate) may be added to prevent pH drift under storage conditions, 
is Some of the compounds of formula (I) may have limited solubility in water and 

therefore may require a surfactant or other appropriate co-solvent in the composition. 

Such co-solvents include: polyethoxylated castor oils, Polysorbate 20, 60 and 80; 

Pluronic® F-68, F-84 and P-103 (BASF Corp., Parsippany NJ, USA); cyclodextrin; or 

other agents known to those skilled in the art. Such co-solvents are typically employed at 
20 a level of from 0.01 to 2 wt.%. 

The pharmaceutical compositions containing one or more compound of formula (I) 

may be used to treat patients afflicted with or prone to various types of cellular damage. 

In particular, these compositions may be used for inflammation where prostaglandins, 

leukotrienes and cytokines are known to participate. The concentrations of the compounds 
2s in the compositions will depend on various factors, including the nature of the condition to 

be treated with the compositions. However, the compositions may contain one or more of 

the compounds of the present invention in a concentration of from about 0.001 to about 5 

wt.%, for topical administration. 

The route of administration (e.g., topical, parenteral or oral) and the dosage 
30 regimen will be determined by skilled clinicians, based on factors such as the exact nature 
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of the condition being treated, the severity of the condition, the age and general physical 

condition of the patient, and so on. 

As indicated above, compounds of formula (I) may be used to treat ocular 
inflammation at the cellular level and represents a particularly important aspect of the 
, invention. The compounds are also useful in treating post-surgical complication resulting 
from ocular surgery. Treatment of the patient pre- or post-surgery with compounds of 
formula (I) may alleviate such conditions as tissue edema, neovascularization, conjunctiva 
swelling and conjestion, corneal haze and cataract formation. 

As indicated above, compound of formula Q) may also be used to preserve organs 
, 0 or tissue during the interim period between excision and transplantation. The compound 
are particularly useful in preserving corneas for transplantation. 

As indicated above, compounds of formula (I) may also be used to prevent or 
reduce damage to vascular tissues at the cellular level. As used herein, "vascular 
inflammatory pathologies" refers to inflammation of the vasculature resulting from 
„ oxidation-mediated stress or stress mediated by other biochemical agents, such as 
cyclooxygenase or lipoxygenase inflammatory products. Vascular inflammatory 
pathologies which may be treated include, but are not limited to, atherosclerosis, 
thrombosis, hypercholesterolemia, congestive heart disease, stroke and unstable angina. 
The compounds may also be used as an adjunct to cardiac or brain surgery. The 
20 compounds may be used for acute treatment of temporary conditions, or may be 
administered chronically, especially in the case of degenerative disease. The compounds 
may also be used prophylactically to treat high-risk heart disease patients. 

The compounds and compositions of the present invention will be used in a 
therapeutically effective amount. As used herein, a "therapeutically effective amount" is 
„ that amount required to prevent, reduce or ameliorate cellular inflammation. The doses 
utilized for any of the above-described purposes will generally be from about 0.01 to about 
100 milligrams per kilogram of body weight (mg/kg). When topically administered they 
will be dosed one to four times per day . 
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The compounds of the present invention are further illustrated by the following in 
vitro and in vivo biological activity examples. 

Example 8 

The antioxidant activity of representative compounds of the present 
$ invention, as compared with Vitamin E, is presented in Table 2 below. Antioxidant 
activity was measured using a phospholipid oxidation assay. Liposomes were formed 
from dilinoleolyglycerolphosphatidylcholine and the test compound. Free radical damage 
was induced by exposure to Fe +3 /EDTA (167 micromolar [mM]) and ascorbate (167 \iM). 
Oxidation was terminated after one hour by freezing in liquid nitrogen. Lyophilized 
io samples were then dissolved in methanol or water. Oxidation was measured by conjugate 
diene formation, monitored using UV spectroscopy as described in Biochimica et 
Biophyica Acta, volume 1081, 181-187, (1991). The IC 50 was calculated using the 
following non-linear regression algorithm: Y = A/[1+(B/X) C ], wherein A = maximum, B = 
IC 50 and c = cooperativity or relative broadness of the curves. The minimum was assumed 
is to be zero. 



Table 2 



Compound 


Phospholipid Oxidation 
IC 50 (MM) 


Compound B 


1.16 


Compound D 


2.23 


Compound E 


2.48 


Compound F 


2.55 


Vitamin E 


4.42 
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ID 



Emapk ? 

tnhibition of lipid peroxide formation by representative compounds of «he present 
invention, as compared with Vitamin E, is shown in Table 3 below. The cvtoprotecttve 
effect of me compounds were measured using hovine retina! piece, Retina, ttssues were 
incubated in hypoxic media for i hour. After 50 minutes of hypoxia, tes, agents were 
added to the media ro aftow ,0 minutes for me drug to diffuse into the tissue pnor to 
oxygenation. The vehicle by itself, was added to the non-drug group. Followtng the 
incubation period, tissue »» reoxygenated for , hour. Lipid peroxidation was assessed by 
*e formation of thiobarbituric acid reacting substances (TEARS). The tissues were 
homogenized and added to me trichloracetic ucid-thiobarbituric acid reagen, and heated 
in the presence of BHT. The homogenatc was filtered and me absorbance of tite supernant 
was .neasured specuophoromeUicnUy. A double derivative technique was used to 
^ the concentration of TBARS present in each sample. Quantitation was based on 
a molar extinction coefficient of 1 .56 x 10 5 . 



Compound 


Retinal Pieces 1 
IC 50 ^M) 1 


Compound A 


0.15 J 


Compound D 


0.006 1 


Compound E 


0.01 1 


Vitamin E 


5.0 J 



10 



Emnpte 10 

5-lipoxygenase inhibition by representative compounds of tite present invention is 
shown in Table 4 below. The 5-Hpoxygenase inhibitor activity was determined by 
measuring me inhibition of 5-HETE and LTB. formation. The ability of a compound » 
suppress 5-HETE and LTB. formation was investigated in caicium ionophore (A 2 „„> 
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stimulated neutrophils isolated from rabbit peripheral blood. Neutrophils were isolated by 
standard procedures. Briefly, heparinized/calcium chelated blood was obtained from New 
Zealand Albino (NZA) rabbits by heart puncture. Red cells were removed at 4°C by 
dextran sedimentation, as described in Blood T volume 11, 436 (1956). White cells, 

s contained in the supernatant fraction, were sedimented by centrifugation and 
contaminating red cells removed by hypotonic lysis. The white cell pellet obtained, 
following red cell lysis and centrifugation, was resuspended in Dulbecco f s PBS 
(Ca*7Mg 2+ -free) and layered onto a 60% Histopaque-1083®/40% Histopaque-1 1 19® 
cushion (Sigma Chemical, St. Louis, Missouri, U.S.A.). The Histopaque® cushion was 

io then centrifuged, and the resulting neutrophil pellet was washed and resuspended in 1/25 
of the original blood volume. Aliquots of the cell suspension were pretreated for 5 
minutes at 37°C with carrier (DMSO) or test article dissolved in DMSO. CaCl 2 was 
immediately added to the cell suspension and cells stimulated by addition of 5 microliters 
[jil] of a mixture containing [l- ,4 C]-arachidonic acid and A 23lg7 in DMSO. Final 

is concentrations of CaCl 2 , [l- ,4 C]-arachidonic acid and A^g, were 5.0 millimolar [mM], 52 
HM and 5.0 jaM, respectively. After 3 minutes of incubation at 37°C, reactions were 
terminated by addition of 2 volumes of acetone. Extraction and reversed phase (C 18 -5fi) 
HPLC analysis of [l- I4 C]-labeled arachidonic acid metabolites are conducted as described 
by Graff and Anderson in Prostaglandins , volume 38, 473 (1989). 

» Table 4 



Compound 


5-Lipoxygenase Inhibition 
IC 50 (HM) 


Compound A 


4.0 


Compound D 


1.0 
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Example 11 



10 



A respresentative compound of the present invention, Compound D, wat 
evaluated for its ability to interne, with phospholipids in monolayers and bilayers. The 
procedures employed to evaluate lipid interaction with lipophilic agents have been 
described elsewhere (BiadKmia* . volume 34, pages 7271-728. (.995), and «x 
volume 8, pages 563-570 (1992)). From these studies, it was apparent tha, Compound D 
exhibits minimal intrinsic surface-active properties. ,„ spite of its low endogenous 
surface-activity, Compound D partitioned from the aqueous solution into tire phosphohptd 
monolayer a, initial packing densities exceeding those believed to exist in membranes. 
This finding supports an energetically favorable interaction between phospholipids and 
representative compounds of the present invention (e.g., Compound D). Assessment of 
Compound D's interaction with phospholipids in a liquid-expanded monolayer sute also 
heated eutectictype phase diagrams with a solubility approaching 20 to 30 mole percent 
in dipa.mitoylphosphatidy.cho.ine. Additional evidence for its ability to interne, wnh 
phospholipids was obtained by an alteration in tire fiuo-escence of pyrene-.ab.led 
phospholipid in a liquid-crystalline phospholipid bilayer. 
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What is claimed is: 

1. A compound of formula: 

AOC-(CH 2 ) n -Y-(CH 2 ) m -Z 

5 wherein: 

A is a non-steroidal anti-inflammatory agent having a carboxylic moiety; 
XisOorNR; 

R is H, C r C 6 alkyl or C 3 -C 6 cycloalkyl; 
Y, if present, is O, NR, C(R) 2 , CH(OH) or S(0) n . ; 
io n is 2 to 4 and m is 1 to 4 when Y is O, NR, or S(0) n . ; 

n is 0 to 4 and m is 0 to 4 when Y is C(R) 2 or is not present; 
n is 1 to 4 and m is 0 to 4 when Y is CH(OH); 
n' is 0 to 2; and 

Z is selected from the group consisting of: 




wherein: 

R" and R 3 are H, C(0)R, C(0)N(R) 2 , P0 3 ~ or S0 3 " ; 

-31 - 



iNSDOCID: <WO 9620187A2_I_> 



WO 96/20187 



PCTAJS95/16779 



R" is H or C,-C 6 alkyl; and 

R and R 3 together may form a ring having the following formula: 

co" . <cr , 

provided that when Z is £ , X is not O, or a pharmaceutical^ acceptable salt thereof. 

2. The compound according to Claim 1, wherein: 
RisHorC r C 3 alkyl; 

Y is CH(OH), m is 0 to 2, and n is 1 or 2, or Y is not present, m is 1 or 2, and n is 0 

to 4; 
Z is a, b, d or e; 
R' and R 3 are H, C(0)CH 3 ; and 
o R" is CH 3 . 

3. The compound according to Claim 1, wherein the non-steroidal anti-inflammatory 
agent is selected from the group consisting of: fenamic acids; indoles; phenylalkanoic 
acids; and phenylacetic acids. 

„ 4. The compound according to Claim 3, wherein: 
R is H or C,-C 3 alkyl; 

Y is CH(OH), m is 0 to 2, and n is 1 or 2, or Y is not present, m is 1 or 2, and n is 0 
to 4; 

Zisa,b,dore; 

R and R 3 are H, C(0)CH 3 ; and 

R" is CH 3 . 
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5. The compound according to Claim 1, wherein the non-steroidal anti-inflammatory 
agent is selected from the group consisting of: 

loxoprofen; tolfenamic acid; indoprofen; pirprofen; clidanac; fenoprofen; 
naproxen; fenclorac; meclofenamate; benoxaprofen; carprofen; isofezolac; aceloferac; 
3 fenbufen; etodolic acid; fleclozic acid; amfenac; efenamic acid; bromfenac; ketoprofen; 
fenclofenac; alcofenac; orpanoxin; zomopirac; diflunisal; flufenamic acid; niflumic acid; 
mefenamic acid; pranoprofen; zaltoprofen; indomethacin; sulindac; tolmetin; suprofen; 
ketorolac; flurbiprofen; ibuprofen; and diclofenac. 

6. The compound according to Claim 5, wherein: 

to RisHorC r C 3 alkyl; 

Y is CH(OH), m is 0 to 2, and n is 1 or 2, or Y is not present, m is 1 or 2, and n is 0 

to 4; 
Z is a, h, d or e; 
R' and R 3 are H, C(0)CH 3 ; and 
R M is CH 3 . 

7. The compound according to Claim 1, wherein the non-steroidal anti-inflammatory 
agent is selected from the group consisting of naproxen, flurbiprofen and diclofenac. 

8. The compound according to Claim 7, wherein A is naproxen. 
20 9. The compound according to Claim 7, whrein A is flurbiprofen. 

10. The compound according to Claim 7, wherein A is dicloenac. 

1 1 . The compound according to Claim 7, wherein: 
as RisHorC,-C 3 alkyl; 
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Y is CH(OH), wherein m is 0 to 2 and n is 1 or 2, or Y is not present, wherein m is 

1 or 2 and n is 0 to 4; 
Zisa,h,dorc; 

R' and R 3 are H, C(0)CH 3 ; and 
R" is CH 3 . 



12. The compound according to Claim 11, wherein A is naproxen. 

13. The compound according to Claim 1 1 .wherein A is flurbiprofen. 

14. The compound according to Claim 1 1 , wherein A is diclofenac. 

15. The compound according to Claim 1, wherein the compound has the following 
formula: 

OH 



HO 




OMe 



15 16. The com 
formula: 



pound according to Claim 1, wherein the compound has the following 




OMe 



17. The 
formula: 



compound according to Claim 1, wherein the compound has the following 
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18. The compound according to Claim 1, wherein the compound has the following 
formula: 




s 19. The compound according to Claim 1, wherein the compound has the following 
formula: 




OMe 



20. The compound according to Claim 1, wherein the compound has the following 
formula: 




21. The compound according to Claim 1, wherein the compound has the following 
io formula: 
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22 A pharmaceutical composition for preventing or alleviating damage to mammalian 
tissues comprising an amount of a compound of the following formula effective to 
decrease inflammation and free radical or oxidative damage in said tissues: 

A-X-(CH 2 ) n -Y-(CH 2 ) m -Z 



wherein: 



A is a non-steroidal anti-inflammatory agent having a carboxylic moiety; 
XisOorNR; 

R is H, C,-C 6 alkyl or C 3 -C 6 cycloalkyl; 

Y, if present, is O, NR C(Rh , CH(OH) or S(0) n . ; 

n is 2 to 4 and m is 1 to 4 when Y is O, NR, or S(0)„. ; 

n is 0 to 4 and m is 0 to 4 when Y is C(R) 2 or is not present; 

n is 1 to 4 and m is 0 to 4 when Y is CH(OH); 

n' is 0 to 2; and 

Z is selected from the group consisting of: 



R'O 




R'O 




R'O 



O R 
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wherein: 



R' and R 3 are H, C(0)R, C(0)N(R) 2 , P0 3 ' or S0 3 * ; 
R" isHorC,-C 6 alkyl; and 
i R' and R 3 together may form a ring having the following formula: 

OCX . rCCT, 

provided that when Z is £, X is not O, or a pharmaceutical^ acceptable salt thereof; 
and a pharmaceutical^ acceptable vehicle therefore. 

23. The composition according to Claim 22, wherein: 
RisHorC,-C 3 alkyl; 

»o Y is CH(OH), m is 0 to 2, and n is 1 or 2, or Y is not present, m is 1 or 2, and n is 0 

to 4; 
Z is a, h, d or c; 

R* and R 3 are H, C(0)CH 3 ; and 
R M is CH 3 . 

is 24. The composition according to Claim 22, wherein the non-steroidal anti-inflammatory 
agent is selected from the group consisting of: fenamic acids; indoles; phenylalkanoic 
acids; and phenylacetic acids. 
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25. The composition according to Claim 22, wherein the non-steroidal anti-inflammatory 
agent is selected from the group consisting of: 

loxoprofen; tolfenamic acid; indoprofen; pirprofen; clidanac; fenoprofen; 
, naproxen; fenclorac; meclofenamate; benoxaprofen; carprofen; isofezolac; aceloferac; 
fenbufen; etodolic acid; fleclozic acid; amfenac; efenamic acid; bromfenac; ketoprofen; 
fenclofenac; alcofenac; orpanoxin; zomopirac; diflunisal; flufenamic acid; niflumic acid; 
m efenamic acid; pranoprofen; zaltoprofen; indomethacin; sulindac; tolmetin; suprofen; 
ketorolac; flurbiprofen; ibuprofen; and diclofenac. 

. 26. The composition according to Claim 22, wherein the non-steroidal anti-inflammatory 
agent is selected from the group consisting of naproxen, flurbiprofen and diclofenac. 

27. The composition according to Claim 22, wherein the vehicle is a physiologically 
balanced irrigating solution. 

28. The composition according to Claim 22, wherein the compound is selected from the 
15 group consisting of: 

OH 

HO 

II 



HO 




OMe 
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; and 



HO 




10 



29 A method of preventing or alleviating damage to mammalian tissues which comprises 
administering a therapeutically effective amount of a composition comprising an amount 
of a compound of the following formula effective to decrease inflammation and free 
radical or oxidative damage in said tissues: 

A-X-(CH a )„-Y-(CH 2 ) m -Z 



wherein: 
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A is a non-steroidal anti-inflammatory agent having a carboxylic moiety; 
XisOorNR; 

R is H, C , -C 6 alkyl or C 3 -C 6 cycloalkyl; 

Y, if present, is O, NR, C(R) 2 , CH(OH) or S(0)„. ; 

n is 2 to 4 and m is 1 to 4 when Y is O, NR, or S(0)„. ; 

n is 0 to 4 and m is 0 to 4 when Y is C(R>2 or is not present; 

n is 1 to 4 and m is 0 to 4 when Y is CH(OH); 

n' is 0 to 2; and 

Z is selected from the group consisting of: 



R f O 




R'O 




R'O 



O R" 




R'O 




, and R '0 
d £ 



wherein: 

R' and R 3 are H, C(0)R, C(0)N(R) 2 , P0 3 ' or S0 3 "; 
R" is H or C,-C 6 alkyl; and 

R' and R 3 together may form a ring having the following formula: 



or 
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provided that when Z is fi , X is not 0, or a pharmaceutical^ acceptable salt thereof; 
and a pharmaceutically acceptable vehicle thereof. 

30. The method according to Claim 29, wherein the composition is administered to 
prevent or alleviate damage to ophthalmic tissues. 

3 1 . The method according to Claim 29, wherein: 

R is H or C,-C 3 alkyl; 

Y is CH(OH), m is 0 to 2, and n is 1 or 2, or Y is not present, m is 1 or 2, and n is 0 

to 4; 
Z is a, h, d or e; 
R and R 3 are H, C(0)CH 3 ; and 
R" is CH 3 . 

32 The method according to Claim 29, wherein the non-steroidal anti-inflammatory agent 
is selected from the group consisting of: fenamic acids; indoles; phenylalkanoic acids; and 
phenylacetic acids. 

33. The method according to Claim 29, wherein the non-steroidal anti-inflammatory agent 

is selected from the group consisting of: 

loxoprofen; tolfenamic acid; indoprofen; pirprofen; clidanac; fenoprofen; 
naproxen; fenclorac; meclofenamate; benoxaprofen; carprofen; isofezolac; aceloferac; 
fenbufen; etodolic acid; fleclozic acid; amfenac; efenamic acid; bromfenac; ketoprofen; 
. fenclofenac; alcofenac; orpanoxin; zomopirac; diflunisal; flufenamic acid; niflumic acid; 
mefenamic acid; pranoprofen; zaltoprofen; indomethacin; sulindac; tolmetin; suprofen; 
ketorolac; flurbiprofen; ibuprofen; and diclofenac. 

34. The method according to Claim 29, wherein the non-steroidal anti-inflammatory agent 
is selected from the group consisting of naproxen, flurbiprofen and diclofenac. 
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35. The method according to Claim 29, wherein the vehicle is a physiological balanced 
irrigaing solution. 

36. The method according to Claim 29, wherein the compound is selected from the group 
consisting of: 
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wherein X is O or NR; R 
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S(OV; n is 2 to 4 and m is 
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S(OV; n is 0 to 4 and m 
is 0 to 4 when Y is C(Rh 
or is not present; n is 1 to 
4 and m is 0 to 4 when Y 
is CH(OH); n* is 0 to 2; 
and Z is (a), (b), (c), (d) 
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